Purpose: Enzastaurin is a serine/threonine kinase inhibitor that showed antiangiogenic, antiproliferative, and proapoptotic properties in vitro and antitumor activity in vivo in a xenograft Waldenstr€ om macroglobulinemia (WM) model. These findings provided the rationale for a multicenter phase II trial of oral enzastaurin in previously treated patients with WM.
Introduction
Waldenstr€ om macroglobulinemia (WM) is an incurable low-grade lymphoplasmacytic lymphoma characterized by the presence of immunoglobulin M (IgM) monoclonal protein in the serum and lymphoplasmacytic cells in the bone marrow (1). It is rare, accounting for approximately 2% of all hematologic malignancies, and is associated with a relatively long survival from the time of diagnosis. The median age of patients at diagnosis is 65 years, and patients over the age of 65 years are considered either intermediate or high risk, which is associated with a shorter median survival, according to the International Prognostic Scoring System for WM (2) . With approximately half of patients dying of causes unrelated to the disease (3), most patients do not require immediate treatment and observation is typically recommended. Following the initiation of firstline treatment of symptomatic disease, the median survival is 5 years (4).
Currently, no specific therapy is approved for the treatment of WM. The treatment options for patients with relapsed or refractory WM depend on the patient's age, prior therapies and response, ability to tolerate therapy, and candidacy for stem cell transplantation. Patients who have a prolonged response of 1 year or more to a therapy can be effectively retreated with the same agents (5) . Several agents have been evaluated, including the monoclonal antibody (mAb) rituximab, alkylating agents (such as chlorambucil), nucleoside analogues (cladribine or fludarabine), and proteasome inhibitors (bortezomib; refs. 5, 6) . Given that many patients with WM are elderly and commonly used therapies are either intravenous, associated with significant adverse events, or both, safe and effective therapies are needed to manage the disease in symptomatic patients.
An antibody-based protein array analysis identified several proteins, including multiple proteins in the phosphatidylinositol-3-kinase (PI3K)/AKT pathway, that were dysregulated in patients with WM compared with patients with normal bone marrow lymphocytes and plasma cells (7) . Another study using protein array techniques and immunohistochemistry identified that protein kinase C b (PKCb) expression is upregulated in WM (8) . There is also evidence that vascular endothelial growth factor is produced by plasma cells in some WM patients (9) , and angiogenesis, as measured by microvessel density, is significantly greater in the bone marrow of patients with WM compared with that in controls (P ¼ 0.002; 10).
Enzastaurin hydrochloride is an oral serine/threonine kinase inhibitor that targets the PKC and PI3K/AKT pathways to inhibit tumor cell proliferation, induce tumor cell apoptosis, and suppress tumor-induced angiogenesis (11) . In vitro experiments showed that enzastaurin inhibits 90% (IC90) of PKCb enzymatic activity at an enzastaurin concentration of 70 nmol/L and that enzastaurin and its major metabolite (LY326020) are approximately 97% and 95% protein bound, respectively. Therefore, a mean steady-state concentration of 1,400 nmol/L was targeted for clinical efficacy (12) . In preclinical studies, enzastaurin induced apoptosis and inhibited the proliferation of the diffuse large B-cell lymphoma (DLBCL), glioblastoma, and colon carcinoma cell lines and xenografts at comparable doses (11) . Based on plasma exposure and safety data from the first phase I study, enzastaurin 525 mg once daily was the recommended dose (12) . However, when administered in divided doses of 250 mg twice daily, enzastaurin achieves approximately 40% higher exposure than once daily dosing without additional toxicities (13) .
Treatment of WM cell lines with enzastaurin resulted in decreased proliferation, increased apoptosis, and decreased PKCb phosphorylation. In addition, treatment with enzastaurin was cytotoxic in a xenograft human mouse model of WM (8) . In previous clinical studies, enzastaurin was well tolerated and showed promising activity in solid tumors and non-Hodgkin lymphoma (12, 14, 15) .
We conducted an open-label, multicenter, 2-cohort (parallel), phase II trial in patients with relapsed or refractory WM or multiple myeloma based on the activity of enzastaurin in WM cells in vitro and nonclinical xenograft models of WM in vivo, as well as the safety profile established in earlier clinical studies. The primary objective was to determine whether enzastaurin was worthy of further evaluation in the treatment of these diseases based on the objective response rate (RR), and secondary objectives included TTP, safety, and the association of biomarkers with clinical outcomes. Herein, we report the results for the WM cohort; the results for patients in the multiple myeloma cohort will be reported elsewhere.
Patients and Methods

Eligibility criteria
Eligible patients had WM previously treated with at least 1 and no more than 5 regimens, an IgM paraprotein level of 2 times or more the upper limit of normal, and detectable lymphoplasmacytic cells in the bone marrow. Patients were symptomatic for WM as defined per the consensus recommendations for WM (1, 2, 16) and at least 18 years of age, with an Eastern Cooperative Oncology Group performance status (ECOG PS) of 0, 1, or 2. Adequate organ function was required, including total bilirubin 1.5 or less Â upper limit of normal and aspartate transaminase 3 or less Â upper limit of normal, and calculated creatinine clearance 30 mL/min or more based on the Cockcroft and Gault formula.
Exclusion criteria included prior allogeneic hematopoietic stem cell transplant; inability to discontinue use of enzyme-inducing antiepileptic drugs (carbamazepine, phenobarbital, and phenytoin); prior treatment with CD20 mAb therapy 8 weeks or less, carmustine 6 weeks or less, other systemic cancer therapy 3 weeks or less, or corticosteroids 2 weeks or less before enrollment in this trial without recovery from nonhematologic toxicities from prior therapy at grade 2 or less unless otherwise stated; and significant cardiac abnormalities or baseline 12-lead electrocardiogram with QTc interval of more than 450 milliseconds in men or more than 470 milliseconds in women, personal or family history of congenital long QT syndrome, or QRS duration of more than 100 milliseconds.
This study was approved by ethical/institutional review board(s) and was conducted according to the Declaration of Helsinki, good clinical practices, and applicable laws and regulations. All patients provided written informed consent.
Treatment plan
The dose of enzastaurin used in this study (clinicaltrials. gov identifier: NCT00718419) was selected based on both safety and pharmacokinetic data from previous studies (12, 13) . Steady-state concentrations of enzastaurin and its metabolite are usually achieved after 14 days of daily oral administration of enzastaurin. On the basis of the pharmacokinetic parameters of enzastaurin (12), a loading dose was used to attain near steady-state concentrations in a shorter time (<7 days).
Translational Relevance
Enzastaurin has antiangiogenic, antiproliferative, and proapoptotic properties in vitro and antitumor activity in vivo in Waldenstr€ om macroglobulinemia (WM). We report the results of a phase II trial of enzastaurin administered orally twice daily to 42 patients with WM who were previously treated with 1 to 5 regimens. Six patients who progressed during treatment with enzastaurin had dexamethasone added per protocol. The objective response rate was 38.1% (2 partial and 14 minor responses). Events that were considered possibly drug related included one grade 3 leukopenia and one death due to septic shock. Correlative studies suggested that a high-baseline concentration level of interleukin 15 may be associated with better response. Enzastaurin was active and well tolerated as a twice daily oral agent in previously treated patients with WM; further studies are warranted.
On day 1 of cycle 1, patients took a loading dose of enzastaurin 375 mg orally 3 times (total dose of 1,125 mg). Starting on day 2 of cycle 1, enzastaurin 250 mg was taken twice daily (500 mg total daily dose) within 30 minutes after a meal. Treatment continued for 8 cycles (cycle length was 28 days), or until the patient experienced progressive disease (PD), as defined by the International Workshop on Waldenstrom's Macroglobulinemia (IWWM) response criteria (17), or unacceptable toxicity. Patients were allowed to continue on study treatment after cycle 8 at the discretion of the investigator. For patients who progressed during singleagent enzastaurin therapy, dexamethasone was allowed at the discretion of the investigator. Dexamethasone was administered (in combination with enzastaurin) at 20 to 40 mg orally once daily on days 1 to 4, 9 to 12, and 17 to 20 of a 28-day cycle for 4 cycles; after 4 cycles, dexamethasone was administered only on days 1 to 4. Leukocyte colonystimulating factors and erythropoiesis-stimulating agents were allowed according to the American Society of Clinical Oncology guidelines (18, 19) .
Enzastaurin was omitted for any of the following events considered possibly drug related until the event resolved: absolute neutrophil count less than 0.5 Â 10 9 /L for more than 5 days; absolute neutrophil count less than 1.0 Â 10 9 /L with fever (temperature of 101 F/38.5 C or more); platelet count less than 25 Â 10 9 /L; Common Terminology Criteria for Adverse Events (CTCAE), version 3.0, grade 3 or 4 transaminase elevations; or other CTCAE grade 3 or 4 nonhematologic toxicity considered clinically relevant. If the event resolved to baseline or grade 1 or less for nonhematologic or grade 2 or less for hematologic toxicity, enzastaurin was resumed at a dose of 250 mg (one 125 mg tablet twice daily) per day and may have been reescalated to the full dose if the event did not recur after 21 days. If the event did not resolve within 4 weeks, or another aforementioned event occurred during therapy at the 250 mg reduced dose, the patient was discontinued. At the investigator's discretion, a patient who had a QTc interval of more than 500 milliseconds and a change of QTc interval to baseline of more than 60 milliseconds may also have been discontinued from the study.
Dexamethasone was omitted for any of the following events considered possibly drug related until the event resolved: grade 4 hematologic toxicity or other grade 3 or 4 nonhematologic toxicity considered clinically relevant. If the event resolved to baseline or grade 1 or less for nonhematologic or grade 2 or less for hematologic toxicity, weekly dexamethasone was resumed at 40 mg (days 1, 8, 15, and 22) and may have been reescalated to the full dose (first 4 cycles: 40 mg orally once daily on days 1-4, 9-12, and 17-20; after 4 cycles: 40 mg orally once daily on days 1-4) if the event did not recur after 21 days. If the event did not resolve within 4 weeks, or another event occurred during therapy at the reduced dose, dexamethasone was discontinued (enzastaurin treatment could continue).
Baseline and treatment assessments
Patients were assessed at baseline and at each cycle with a physical examination, ECOG PS, and standard laboratory tests including chemistry and hematology. Electrocardiograms were obtained at baseline and cycle 2.
Treatment response was assessed using the IWWM response criteria (17) during each cycle by serum protein electrophoresis and nephelometry. As per these criteria (17) , complete response (CR) was defined as the disappearance of serum M protein, absence of malignant cells, resolution of lymphadenopathy/organomegaly, and no signs or symptoms attributable to WM. Partial response (PR) was defined as a 50% or more IgM reduction, a 50% or more decrease in adenopathy/organomegaly, and no new signs or symptoms of WM. Minor response (MR) was defined as a 25% or more but less than 50% IgM reduction, no progression of adenopathy/organomegaly, and no cytopenias or clinically significant symptoms. Stable disease (SD) was a less than 25% IgM reduction and less than 25% IgM increase, no progression of adenopathy/organomegaly, and no cytopenias or clinically significant symptoms. PD was defined as a 25% or more IgM increase or progression of clinically significant findings (for example, anemia, thrombocytopenia, leukopenia, or bulky adenopathy/organomegaly) or symptoms (for example, unexplained recurrent fever, drenching night sweats, weight loss, hyperviscosity, neuropathy, or symptomatic cryoglobulinemia). Responses required confirmation 6 or more weeks from the first observation of response. PD required confirmation with a repeat test.
Because a spike in the M-protein is common in patients with WM after treatment initiation, an increase in the Mprotein in patients with WM before cycle 3 did not constitute PD unless specifically determined by the investigator. Quantitative immunoglobulins and serum-free light chains were measured at baseline and at each cycle starting with cycle 2. In addition, a bone marrow aspirate was obtained at baseline. Lymphadenopathy and splenomegaly were to be measured via computed tomography imaging at baseline and during treatment as clinically indicated to determine response and document relapse or progression. After 8 cycles of therapy, a formal response assessment was required. Responses were also measured after combination therapy (enzastaurin plus dexamethasone) was initiated.
Due to a high-censoring rate that likely resulted in overestimation of time-to-event endpoints, we conducted post hoc analyses of TTP and duration of response, in which both confirmed and unconfirmed PDs were considered as events. TTP was defined as the time from the date of study enrollment to the date of objectively determined PD. For patients without objective PD (including those who died), TTP was censored at the date of the last objective progression-free disease assessment. Patients who received subsequent systemic anticancer therapy (after discontinuation from study treatment) before objectively determined PD were censored at the date of the last objective progressionfree disease assessment before postdiscontinuation therapy.
For the safety analyses, all patients who received at least 1 dose of the study drug were evaluated. Adverse events were graded at each cycle according to the CTCAE, version 3.0.
Translational research analyses
Plasma samples were collected at baseline, on day 1 of cycles 1 and 3, and after discontinuation of study treatment, and were analyzed for the concentrations of 88 plasma proteins using HumanMAP Ò (multianalyte profile), version 1.6, technology (Rules-Based Medicine; RBM).
Due to a high-censoring rate in the time-to-event endpoints, the translational research (TR) analyses associating biomarkers with clinical outcomes focused only on RR. An association between each marker and RR was assessed using logistic regression. Markers were dichotomized into highand low-expression groups based on 2 methods: (i) the method of maximal c 2 (20) , limiting the search to the central 50% of the RBM values, and (ii) using the least detectable dose (LDD; defined as the mean plus 3 standard deviations of 20 blank readings for each marker) as the cutoff point. The RBM analyte expression was also treated as a continuous variable in the appropriate regression model correlating with each clinical outcome. Because the sample size was expected to be small and the results exploratory, no multiplicity adjustments across markers were carried out for dichotomous or continuous marker analyses in association with clinical outcomes. Repeatedly measured assays were assessed for differences between baseline and postbaseline values using a paired t test.
Statistical considerations
A Simon 2-stage design was used for this study, which assumed a type I error of 0.05 and 80% power. The clinically uninteresting true RR (!MR) was considered to be 10%, and the true RR worthy of further development was 30%. Under these conditions, if 2 or more of the first 10 patients (stage 1) experienced an MR or better, the study was expanded with an additional 19 patients enrolled (stage 2). A total of 6 responders (!MR) of the 29 total were required to conclude that the true RR was greater than 10% and warranted further investigation. If 6 responders of the first 29 were observed at stage 2, up to 21 additional patients were enrolled (expansion phase) to further assess efficacy and safety.
The objective RR (CR, PR, and MR) and 95% confidence intervals (CI) were estimated using the normal approximation to the binomial. For TTP and duration of response, Kaplan-Meier methods were used, and quartiles and point probabilities were calculated. Interval estimates were calculated using 95% CIs. All tests of treatment effects were conducted at a 2-sided alpha level of 0.05 unless otherwise stated.
Results
Patient characteristics
From July 2008 to December 2010, 42 patients were enrolled. Of these, 6 patients progressed during single-agent enzastaurin therapy and subsequently received dexamethasone. This report presents results for all 42 patients, which includes those who received both enzastaurin and dexamethasone. Baseline patient and disease characteristics are presented in Table 1 . Most patients were Caucasian and male, with an ECOG PS of 0. The median number of prior therapies received was 3.0 (range, 1.0-8.0) and the median time since prior therapy was 11.3 months (range, 0.5-122.5 months). The median time since initial diagnosis was 66.1 months (range, 10.6-248.5 months).
Drug administration
All patients completed at least 1 cycle, 14 patients completed at least 10 cycles, and 10 patients completed at least 12 cycles. The median number of cycles per patient was 8.0 (range, 1.0-19.0). There were no enzastaurin dose reductions; however, 3 patients experienced cycle delays and 7 patients required dose omissions due to adverse events. The mean daily enzastaurin dose was 497.9 mg, and the dose intensity was 99.6%.
Efficacy
The median follow-up time was 9.5 months (range, 2.5-25.4 months). There were no CRs, 2 PRs (4.8%), and 14 MRs (33.3%) for an objective RR (CRþPRþMR) of 38.1% (Table 2 ). In addition, SD or better was observed in 71.4% of patients. Of the patients who experienced an MR, 2 had received the combination of enzastaurin and dexamethasone.
The analyses of TTP and response duration, conducted according to the statistical analysis plan that was designed before study initiation, resulted in a high degree of censoring, which likely led to an overestimation of the time-toevent endpoints. Therefore, post hoc analyses were conducted as described in the Methods. On the basis of these analyses, the median TTP was 10.9 months (95% CI: 7.4, 20.5 months), with a censoring rate of 45.2%. At 6 months, 75% (95% CI: 58%, 86%) of the patients had not progressed, and 44% were progression-free at 12 months (95% CI: 26%, 61%). The median duration of response was 17.7 months (95% CI: 9.0, 23.8 months), with a censoring rate of 62.5%. Of note, no patients were censored for this analysis because of death or subsequent treatment. Figure 1 shows a waterfall plot of the best percentage change of IgM serum from baseline. Two (4.8%) patients had a confirmed reduction 50% or more (2 additional patients had an unconfirmed reduction !50%), and 12 (28.6%) patients had a confirmed reduction 25% or more [7 (16.7%) additional patients had an unconfirmed reduction !25%]. The mean best percentage of IgM reduction from baseline was 27.3 (SD, 22.0).
Safety
Eleven patients experienced laboratory adverse events and 15 patients experienced nonlaboratory adverse events that were considered possibly study-drug related. All of these adverse events were grade 2 or less, except for grade 3 leukopenia in 1 patient (Table 3 ). There was 1 on-study death due to septic shock, which was considered possibly drug related and which occurred in a patient who received enzastaurin and dexamethasone. Twenty packed red blood cell transfusions and 3 platelet transfusions were given to 7 patients during the study.
TR
TR analyses focused on all enrolled patients who received at least 1 dose of the study drug and had at least 1 TR sample for the RBM marker of interest (the TR analysis set). Of the 42 total patients, 28 had RBM samples; 17 patients had baseline samples, 20 had postbaseline samples, and 9 had both baseline and postbaseline samples. For the 9 patients with both baseline and postbaseline samples, there was no difference between the 2 distribution means of baseline and postbaseline RBM protein concentration levels (P > 0.05).
In the patients included in the TR analysis set, there were 2 PRs and 10 MRs, for an objective RR of 42.9%. For the 17 patients with baseline samples, using the LDD of 0.58 ng/ mL as the cutoff point for interleukin 15 (IL-15), RR in the high-concentration subgroup (n ¼ 8) was 75.0% compared with 11.1% in the low-concentration subgroup (n ¼ 9; highto low-concentration OR 24.0; 95% CI: 1.74, 330.8; P ¼ 0.018), indicating that a high-concentration level of IL-15 was significantly associated with improved RR. Continuous Table 1 (2) was not available when this study was designed, ISSWM risk category scoring was done retrospectively for 22 patients (20 patients were missing b2-microglobulin). Best % change from baseline 
Discussion
This multicenter phase II study in patients with previously treated WM showed that single-agent enzastaurin was active and well tolerated. Although there were no CRs and only 2 PRs, it is noteworthy that 14 (33.3%) patients had an MR, which is encouraging in a pretreated population who received a median of 3.0 (range, 1.0-8.0) prior regimens.
The objective RR (CRþPRþMR) was 38.1%, and SD or better was observed in 71.4% of patients. In studies of other novel agents that target the PI3K/AKT pathways, the observed RR (!MR) in previously treated patients with relapsed WM ranged from 27% to 85% for bortezomib (21) (22) (23) , 35% for perifosine (24) , 70% for everolimus (25) , and 51% for rituximab (26) ; however, such comparisons are risky given the small number of patients and differences in the patient populations and study methodologies.
Despite the small number of patients who achieved a PR in our study, a substantial number achieved an MR, and a reduction in IgM was observed in most patients. MR has been associated with clinically meaningful benefits for patients with WM; patients who achieved an MR had similar overall survival, progression-free survival, and TTP as those who achieved a CR or PR (27) . In addition, per a post hoc analysis, the median TTP was 10.9 months, which compares favorably with the median TTP reported for other novel single agents, including 6.6 months for bortezomib in the Waldenstrom's Macroglobulinemia Clinical Trials Group study (23) and 12.6 months for perifosine (24) .
Enzastaurin was well tolerated. During the study, one grade 3 to 4 adverse event (grade 3 leukopenia) and one death (due to septic shock) occurred that were considered drug related. In addition, no dose reductions were required. A higher incidence of grade 3 and 4 toxicities was reported for other novel single agents in this patient population. Bortezomib caused new or worsening peripheral neuropathy in 20 patients (74%), and 44% discontinued treatment mainly because of neuropathy (22) . Perifosine dose reductions occurred in 16 patients (43%) because of neutropenia, gastrointestinal symptoms, or arthritis (24) . Everolimus was associated with grade 3 or higher drug-related toxicities in 28 patients (56%), including hematologic toxicities with cytopenias, and 52% of patients required dose reductions because of toxicities (25) . For rituximab, grade 3 and 4 toxicities were reported in 39% and 16% of previously treated patients, respectively (26) .
Given the tolerability and activity observed in this study, the use of enzastaurin in combination with other agents or as a maintenance treatment should be considered. In a phase I study in 23 patients with relapsed or refractory multiple myeloma who had received 3 or more regimens, the combination of enzastaurin and bortezomib was well tolerated and showed modest activity (28) . No dose-limiting toxicities were observed, and thrombocytopenia (26.1%) and anemia (8.7%) were the most common drug-related grade 3 or 4 toxicities. The objective RR observed in this study was 17.4%, with 9 patients (39.1%) achieving SD, and the median TTP was 7.9 months (range, 0.95-19.7 months). In a randomized phase II study of rituximab-cyclophosphamide-Adriamycin-vincristine-prednisone with or without enzastaurin as first-line treatment of intermediate-and high-risk DLBCL, preliminary results suggested that the addition of enzastaurin improved progression-free survival and response (RRs of 80.4% and 83.3%, respectively; 29). Toxicities were comparable between the arms, with the most frequent grade 3/4 adverse events being neutropenia (56.1% vs. 51.1%, respectively) and thrombocytopenia (17.5% vs. 13.9%, respectively). The current study suggests that high concentration levels of IL-15 may be associated with objective RR. IL-15 is a cytokine with structural similarity to IL-2. Like IL-2, IL-15 binds to and signals through the IL-2/IL-15 beta chain (CD122) and the common gamma chain (gamma-C, or CD132). IL-15 induces proliferation of natural killer cells and has been shown to enhance the antitumor immunity of CD8 þ T cells in preclinical models (30, 31) . A phase I clinical trial to evaluate safety, dosing, and antitumor efficacy of IL-15 in patients with metastatic melanoma and renal cell carcinoma (kidney cancer) is ongoing at the U.S. NIH (32) . This observation warrants further assessment to examine the relationship between IL-15 and enzastaurin in enhancing antitumor immunity in WM. This study has several limitations. The finding that elevated IL-15 is associated with RR requires confirmation because of the small sample size and lack of analytical correction for multiple testing, and thus should be viewed as hypothesis generating. The time-to-event results in the current trial should be interpreted with caution given that these were derived from post hoc analyses. Finally, this study is limited by potential selection bias because of the singlearm trial design.
In conclusion, this phase II study showed that enzastaurin is active and well tolerated in previously treated patients with WM. The oral route of delivery, well-tolerated safety profile, and prolonged disease control are encouraging and compare favorably with other novel agents studied in a similar patient population. These results should be confirmed in a larger study, and enzastaurin should be considered in studies as a maintenance therapy or in combination with other agents such as bortezomib or rituximab. Ultimately, randomized trials will be required to determine whether the encouraging activity will translate into improved outcomes for patients with WM.
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